The syntheses and characterization of alkali metal complexes [{VO 2 
Introduction
A new area of research involving the design and synthesis of extended frameworks via supramolecular interactions is growing at a rapid pace. Hydrogen bonding interactions have been particularly explored while dealing with molecular recognition and engineering of molecular solids [1] . So far, numerous studies have focused using monovalent alkali metals as a source of counter ion for the formation of polymeric aggregates, which feature channels or sheets of metal ions, which may have potential to act as ionic conductors [2] , charge storage materials, as well as biomimetic models [3] . Chakraborty [4] and Choudhury [5] as well as Schröder [6] and Pan [7] have highlighted the special roles that alkali metal ions can play in influencing the supramolecular assembly. H. Zhu et. al [8] In most of these cases the water molecules are present as part of aquated M + ions (M = alkali metal), and play a vital role in holding the components of the assembly together through hydrogen bonding network and thereby enhancing its stability through charge neutralization. Collective consideration of all these findings opens up the possibility of obtaining new and novel species with interesting properties under specific and controlled reaction conditions. During last two decades, we have been engaged in studying the chemistry of oxovanadium complexes, using some selected multidentate O/N donor systems [10] [11] [12] [13] [14] . In this contribution we report the synthesis and structural characterization of two novel anionic oxovanadium(V) species with a tridentate ONO donor ligand, whose supramolecular structure is controlled by the associated alkali metal counter ion. 4 
Experimental

Materials
[VO(acac) 2 ] was prepared as described in the literature [15] . Reagent grade solvents were dried and distilled prior to use. All other chemicals were reagent grade, available commercially and used as received.
Physical measurements
Elemental analyses were performed on a Perkin-Elmer 240 C, H, N analyzer. IR spectra were recorded on a Perkin-Elmer 783 spectrometer. 1 H NMR spectra were recorded with a
Bruker AVANCE DPX 300 MHz spectrometer using SiMe 4 as the internal standard. Electronic spectra were recorded on a Shimadzu UV/VIS recording spectrophotometer.
Synthesis of Ligand H 2 L
Schiff base ligand, 2-hydroxybenzoylhydrazone of 2-hydroxybenzoylhydrazine was prepared by the procedure reported in our previous work [16] .
Synthesis of [{VO 2 L}Na(H 2 O) 5 ] ∝ (1)
A (0.26 g, 1.02 mmol) sample of ligand H 2 L was dissolved in 20 mL of ethanol and to it HN(CH 2 CO 2 Na) 2 (0.09 g, 0.52 mmol) dissolved in 3 mL of water was added, when the white suspension turned yellowish. The mixture was refluxed for 5 min to give a clear solution.
Thereafter a sample of vanadium (IV) acetylacetonate (0.27 g, 1.02 mmol) was added under stirring condition. 
Crystallography
Suitable single crystal of 1 and 2 were chosen for X-ray diffraction studies. Crystallographic data and details of refinement are given in Table 1 . These compounds crystallized in the orthorhombic space group Pbca and monoclinic space group P2 1 /c respectively. Intensity data for both were collected at 293 K on a Bruker Smart CCD area detector system using graphitemonochromatized Mo-Kα radiation (λ = 0.71073 Å). The intensities were corrected for empirical absorption effects using SADABS [17] . The structure was solved by direct method. All nonhydrogen atoms were refined anisotropically by full-matrix least squares, with a riding model for the hydrogen atoms, using the SHELXTL package [18] . 6 
Results and discussion
Synthesis
The cationic and anionic parts of these complexes are held together by the process of self assembly [19, 20] through the simultaneous use of Coulombic interactions and efficient hydrogen bonding.
These compounds are highly soluble in protic, viz. water and methanol as well as aprotic solvents, viz. CH 3 CN, DMF, or DMSO.
Spectral Characteristics
Spectral data are presented in experimental section and in Table 2 . The IR spectra of both contains all the characteristic bands of the coordinated tridentate ligand [16] . The V-O stretching modes [4, 21, 22] of the cis-VO 2 + moiety are observed at 892-929 cm -1 region. In the highfrequency region, a medium intensity band at 3428 cm -1 (complex 1) and 3442 cm -1 (complex 2)
indicates the presence of coordinated water involved [5] in extensive hydrogen bonding.
The electronic spectra of 1 and 2 in acetonitrile solution consist of four different bands in the region 203-400 nm. The band at 372-400 nm region is believed to be of the L → V V chargetransfer type and the others are due to intra ligand transition respectively [4, 10] . The preliminary characterization data (microanalytical and spectroscopic) of complex 1 and 2 though gave some idea of their composition, failed to indicate any definite formulation for them.
The identities of these complexes were revealed by their structure determination by X-ray crystallography.
The molecular structure of the complex 1 is given in Fig. 1 . The bonding parameters of the complex are given in Table 3 . In this complex-anion the vanadium(V) center presents in a highly (Fig. 3) which is being held together by H bonding between V=O oxygens (acceptor) and water (O1w), O(2W) and O(4W) molecules coordinated to Na + . V=O (1) is H-bonded to O1W (bonded to Na + ) and O5W (free water, symmetry code ½ -x, -½ +y, z , while V=O2 is H-bonded to O2W
(1-x, -½ +y, ½ -z) and O4W (1-x, -½ +y, ½ -z) (both bonded to Na + ). O5W acts as bridge between parallel double columns situated along 'c' axis. So this structure is a very interesting case where water molecules play a variety of structural roles in the formation and stabilization of a complex polymeric species. Each composite layer may be considered as a two-dimensional supramolecular species. Distance between two vanadium centres belonging to two adjacent layers is 8.277 Å and the distance separating two consecutive vanadium centres of the same layer is 8.347 Å. 9 
Description of Crystal Structure of [{VO 2 L}K(H 2 O)] ∝
The molecular structure of the complex 2 is given in Fig. 4 , where the V(V) center is five- respectively. An intramolecular hydrogen bond is present in which the hydroxyl group at O (5) donates to the imine nitrogen N(2). The geometric parameters of this interaction have been shown in Table 6 .
The complexes are stacked in a direction parallel to the b-axis (Fig. S2) hydrogen atoms, the OH group at O(5), and possibly the C-H moiety at C (14) . All of these potential donors are involved in non-covalent interactions, as described above. Although this would appear to leave a deficit of as many as six unfulfilled acceptor sites, in fact the latter are involved in interactions with K + . So we can conclude that this is a quite stable structure.
Conclusion
H-bonds are recognized as one of the most relevant noncovalent interactions in supramolecular chemistry and crystal design [24, 25] . Water is very often involved into such interactions and is present as coordinated or crystallization molecule(s) in a larger number of metal-organic frameworks (MOFs).
In this 
